The major AFB 1 -DNA adduct formed in vivo is AFB 1 -N 7 -guanine (7). Treatment of AFB 1 to rats resulted in the urinary 2 To whom correspondence should be addressed excretion of AFB 1 -N 7 -guanine adducts. The adduct excretion Epidemiological evidence indicates that aflatoxin B 1 (AFB 1 ) following AFB 1 administration was shown to be proportional intake is associated with an increased risk of hepatocellular to the total amount of AFB 1 -N 7 -guanine initially formed in carcinoma (HCC). The hepatocarcinogenesis is initiated by the hepatic DNA (8). Although the presence of AFB 1 -DNA covalent binding of AFB 1 to cellular DNA. To determine adducts in liver specimens is readily detected by immunohistowhether nutritional factors and hormonal status may influchemical methods (3), liver tissues are usually difficult to ence the binding of AFB 1 to hepatic DNA, a cross-sectional obtain. Measurement of the adduct levels in urine provides a study was performed on a total of 42 male asymptomatic non-invasive means of estimating the degree of AFB 1 binding hepatitis B surface antigen (HBsAg) carriers and 43 male to hepatic DNA. It has been used as an intermediate endpoint non-carriers in a cohort study on the multistage developin cancer prevention trials for assessing the efficacy of chemoment of HCC in Taiwan. The major AFB 1 -DNA adduct preventive agents that may have an inhibitory effect at early in vivo, AFB 1 -N 7 -guanine, was measured by high-performstages of AFB 1 -induced hepatocarcinogenesis (6,9). The relaance liquid chromatography in urine. Urinary AFB 1 -N 7 -tionship between urinary AFB 1 -N 7 -guanine adducts and HCC guanine was detectable in 40% of the subjects. HBsAg risk was recently investigated in a prospective study and the carriers had a higher detection rate of urinary AFB 1 -presence of the DNA adduct in urine has been shown to be a DNA adducts than non-carriers and the difference was significant predictor for the cancer risk (4). statistically significant after multivariate adjustment. After
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In addition to chronic HBV infection and aflatoxin exposure, taking into account the total AFB 1 urinary metabolite our previous epidemiological studies have linked many risk level, chronic HBsAg carrier status, and other potential factors, including hepatitis C virus (HCV), alcohol drinking, confounders, plasma levels of cholesterol, α-tocopherol, cigarette smoking, elevated serum level of endogenous and α-and β-carotene were positively associated with testosterone, low serum retinol level and/or vegetable consumpthe detection rate of the AFB 1 -DNA adducts in a dosetion, as well as genetic susceptibility, to the development of dependent manner, whereas plasma lycopene level was HCC (10-15). There may be a complex interaction among inversely related to the presence of the adducts in urine.
multiple HCC risk factors at various stages of hepatocarcinoThe association of urinary AFB 1 -DNA adducts with the genesis. We previously examined the effect of chronic HBV plasma levels of cholesterol, α-tocopherol, lycopene, and infection, sociodemographic characteristics, and habits of cigar-α-and β-carotene was observed at both low and high ette smoking and alcohol drinking on AFB 1 -DNA adduct exposure levels of AFB 1 . There was a synergistic interaction of plasma α-tocopherol with α-and β-carotene on the formation (16). Age and habits of cigarette smoking and adduct levels. No association with the adducts was found alcohol drinking were found to be positively associated with for plasma levels of retinol and testosterone. This study the adduct levels. other nutrients. Since there were correlations among various
The urine and blood samples from study subjects were consecutively collected plasma nutrients, logistic regression analysis was adopted tertile, P ϭ 0.0548). Although a positive association was also
Laboratory analyses
observed between plasma β-carotene levels and urinary AFB 1 -Serum HBsAg was assayed using a radioimmunoassay (Abbott Laboratories, DNA adducts, this association was not statistically significant.
North Chicago, IL). All but six study subjects were also tested for antibodies (Table I) .
fluorescence detection with 365 nm excitation and 430 nm emission wavelength for AFM 1 , and 500 nm emission for AFB 1 and AFB 1 -N 7 -guanine. The HPLC Table II shows the detection rate of AFB 1 -N 7 -guanine in analysis for AFP 1 was done with a 30-min elution with 12% acetonitrile urine by levels of total AFB 1 urinary metabolites and plasma followed by a 12-22% acetonitrile linear gradient generated over 12 min, nutrients. Due to the sample size not being large, study subjects with plasma levels of these nutrients. In contrast, lycopene with the positivity of urinary AFB 1 -DNA adducts in relation Results to various variables in this study were not materially changed when adjustment was also made for storage time of biospeciThe age range of the subjects was 33 to 66 years, with a mean age of 51.5 years (Ϯ9.8 SD). Only two HBsAg carriers and mens and seasons of collecting biospecimens. Discussion adducts with DNA, than female rats (23). However, variation in plasma testosterone levels was not correlated with AFB 1 -The data on urinary aflatoxins were based on spot urine DNA adducts in this study. samples. Although no adjustment was made for urine concenLow serum retinol level has been associated with the tration in the calculation of AFB 1 -N 7 -guanine excretion in this development of various human cancers, including HCC (14). study, this may not pose significant problems for investigation Liver fractions from rats with vitamin A-deficiency formed a of the associations between various variables and the positivity higher level of DNA adducts by AFB 1 (32) . Our previous of urinary AFB 1 -DNA adducts, because total quantity of AFB 1 in vitro study with cultured woodchuck hepatocytes demonmetabolites excreted in urine was included in the multivariate strated a potent inhibitory effect of retinol on AFB 1 -DNA analyses as a covariate for adjusting its effect.
adduct formation (22). However, we failed to find a significant Epidemiological studies suggest that HBV and AFB 1 may association of AFB 1 -DNA adducts with plasma retinol levels exert a synergistic effect on the development of HCC (4) . The in this cross-sectional study. The reason for the discrepancy mechanisms responsible for this interaction remain to be between our in vitro and human study is unclear but may be elucidated. In woodchucks, chronic infection with woodchuck explained by the difference in the effect of retinol between hepatitis virus, a virus similar in characteristics to HBV, species. On the other hand, since this study was conducted in produced an enhanced metabolic activation of chemical carcia well-nourished population with low prevalence of vitamin nogen, including AFB 1 (25). However, epidemiological studies A-deficiency, whether a more striking association between of the relationship between HBsAg carrier status and the urinary AFB 1 -DNA adducts and plasma retinol level may formation of AFB 1 -DNA adducts, using AFB 1 -albumin adduct be shown up in malnourished populations requires further or urinary AFB 1 -N 7 -guanine as the surrogate dosimeter for investigations. estimating hepatic DNA binding by AFB 1 , have been inconsistLycopene, α-carotene and β-carotene are carotenoids with ent (16,26-28). We have previously demonstrated that the a similar chemical structure. They are antioxidant contents of detection rate of urinary AFB 1 -N 7 -guanine adducts was higher vegetables and fruits (21). Experimental and epidemiological in HBsAg carriers than in non-carriers, but this association studies on the potential role of α-carotene and lycopene was not statistically significant in univariate analysis or in a in carcinogenesis are limited (33) (34) (35) (36) (37) . The influence of β-multivariate analysis including the total AFB 1 urinary metabolcarotenoids on susceptibility to various forms of cancers have ites, age, and habits of cigarette smoking and alcohol drinking, been evaluated in a number of epidemiological studies (38-as covariates (16). In the present study, HBsAg carrier status 40). Although the majority of results have shown that high was strongly associated with urinary AFB 1 -DNA adduct levels intake and/or high serum level of β-carotene were associated after adjustment was made for plasma nutrients and other with a reduced risk of cancer at several sites (38, 39) , some potential confounders. The discrepancy between our two studdata are conflicting and the significance of β-carotene in ies may be due to the difference in the control of plasma carcinogenesis remains unclear (40) . The most marked finding nutrients that were significantly associated with the AFB 1 -of this study was the strong and extremely diverse associations DNA adduct levels. The possible biological mechanisms for of various carotenoids with AFB 1 -N 7 -guanine adducts in urine. HBV involvement in the genesis of HCC have been extensively α-Carotene and β-carotene were positively associated with the reviewed (1) . This study provides evidence that chronic HBV DNA adducts, while the adducts appeared to reduce with infection may interact with AFB 1 intake in the initiation increasing plasma levels of lycopene. Difference in the ability process of hepatocarcinogenesis and thus result in an increased of diverse carotenoids to suppress the development of spontanrisk of AFB 1 -related HCC.
eous HCC and chemically-induced neoplastic transformation, HCC is two to three times more frequent in men than in enhance gap junctional communication and regulate gene women (1) . The marked sex difference in susceptibility to expression have been shown in experimental studies (34-hepatocarcinogenesis was also observed in various animal 37). Although the underlying mechanism for the molecular models (29) (30) (31) . A relationship between elevated serum testospecificity of each of the carotenoids to influence AFB 1 -DNA sterone level and HCC risk in humans has been documented adduct formation is unclear, this study provides additional (12). In experimental studies, the mechanism for the action of insight into the complexity of the biological function of testosterone in hepatocarcinogenesis may be through its effects carotenoids. on promotion of the growth of tumor and/or modulation of α-Tocopherol is among the most potent antioxidants from the activity of enzymes involved in metabolism of hepatocarcinatural source (21,36). Several experimental and epidemiolognogens (23,30). For a given level of AFB 1 exposure, male rats were found to produce more AFB 1 -epoxide, which can form ical suggest that α-tocopherol may reduce the risk of cancer chemopreventive action is inconsistent (40, 42, 43) . In this tocopherol and α-and β-carotene on the DNA adduct levels. 
